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Accepted 10 February 2012Forty-six Nellore bulls were individually fed for 84 days and evaluated for residual feed intake
(RFI) and feed conversion ratio (FCR) with the objective to correlate RFI1 (usual), RFI2 (adjust-
ed for final rump fat thickness) and FCR with carcass composition traits measured by ultra-
sound and to verify differences between RFI groups (classified by standard deviation) in
performance and carcass traits. Carcass traits were evaluated by ultrasound at the beginning
and at the end of the test and the gain over the test period was calculated for ribeye area
(REA), backfat thickness on the 12–13th ribs (BFT) and rump fat thickness on the Biceps
femoris muscle (RFT). The RFI1 was positively correlated (Pb0.05) with the final RFT
(r=0.34) and with the gain in RFT (r=0.36) and also there were differences (Pb0.05) in
these traits and also in dry matter intake (DMI) between groups, in which the most efficient
animals had lower values of DMI, final RFT, and gain in RFT. For the RFI2, there were no differ-
ences (P>0.05) between groups and neither were there significant correlations between those
with the carcass traits, only for FCR, feed efficiency and DMI. FCR was correlated with the gain
in REA and BFT (r=−0.43 and r=−0.31, respectively) and with the initial BFT (r=0.31). The
positive correlation between residual feed intake and subcutaneous fat of Nellore bulls' may
cause some concern, because with the selection of more efficient individuals (with negative
RFI), carcasses which are too lean will be produced. Adjustments in the estimation of RFI in-
cluding carcass traits may override this undesirable effect.





Residual feed intake1. Introduction
Traditional genetic improvement programs that include
weight gain as the main trait can compromise the feed effi-
ciency of the beef cattle (Almeida, 2005). This happens be-
cause steers selected only by weight gain also increase their
feed intake. Sometimes this increase in feed expenses will
not be compensated by an increase in weight. Thus to im-e Engenharia de Ali-
B, Av. Duque de Caxi-
.: +55 19 3565 4105
. Santana),
ida),
lsevier OA license.;prove livestock profitability, it is important to take into ac-
count feed efficiency traits when selecting steers.
Beef cattle feed efficiency is usually described by the gross
feed efficiency (GFE) or the feed conversion ratio (FCR). These
traits have limitations as selection criteria due to their corre-
lations with live body weight and average daily gain. As a
long-term concern, this could compromise the productive ef-
ficiency in grazing systems by over-increasing the female's
mature size therefore increasing their nutritional require-
ments for maintenance. A feed efficiency trait that can be
used and is not correlated with live body weight and average
daily gain is the residual feed intake (RFI) that measures feed
intake independent frommature size or growth (Arthur et al.,
2001; Richardson and Herd, 2004).
Richardson et al. (2004) observed, in a unique selection
generation of Bos taurus against RFI (higher efficiency), a
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to investigate if this effect also occurs in Bos indicus cattle,
mainly in the Nellore breed. Also, if a body composition ad-
justment in the RFI estimate can avoid any compromise in
the performance or in the carcass traits.
According to Lanna and Almeida (2004) the lower subcu-
taneous fat deposition by the most efficient animals could be
overdone by predicting feed intake not only by the body
weight and average daily gain, but also by the body composi-
tion, which can be partly evaluated in vivo by ultrasound. The
carcass traits obtained by ultrasound allow a better adjust-
ment of the predicted intake and, consequently, more accu-
rate RFI values (Almeida, 2005).
The objective of this study was to estimate the correlations
between RFI (adjusted or non-adjusted to subcutaneous fat)
and FCR with productive traits (average daily gain, daily feed
intake, live body weight, and gross feed efficiency). In addition,
to estimate the correlations of RFI and FCR with carcass traits
(ribeye area, subcutaneous fat thickness over the 12th to the
13th ribs, and Biceps femorismuscle fat thickness). Furthermore
for evaluating the possible differences across these traits for the
RFI groups (high, medium, and low) in Nellore bulls.
2. Material and methods
2.1. Animals and facilities
The trial was conducted in Guapirama, in the north of
Paraná State (south of Brazil), between December 22nd and
March 16th, 2009 in an experimental feedlot with 15 m
long×2 m wide individual pens. Forty-six Nellore bulls
were evaluated, coming from 10 different breeders with an
average starting age of 22±2 months and live body weight
of 409±49 kg, and all were registered in Associação Brasi-
leira dos Criadores de Zebu (ABCZ).
2.2. Experimental diet and management
All young bulls were adapted by grazing Panicum maxi-
mum pasture for 45 days to avoid eventual compensatory ef-
fects from original farms. Subsequently, these animals were
housed in the experimental feedlot, and were allowed to
adapt to the diets and facility for 14 days.
The bulls were individually fed twice a day with a total
mixed ratio diet (Table 1) with 70% total digestible nutrientsTable 1
Ingredient composition of the experimental diet.
Ingredients % (DM)
Sugarcane silage 50.00
Corn grain cracked 20.22
Soybean meal 49% 20.43
Wheat meal 7.37
Limestone 1.26
Sodium chloride (NaCl) 0.40
Dicalcium phosphate 0.10
Premix minerala 0.22
a Mineral premix: P=14 (g/kg); Ca=45 (g/kg); Mg=3 (g/kg);
S=16 (g/kg); Na=10 (g/kg); Zn=530 (mg/kg); Cu=160 (mg/
kg); Mg=140 (mg/kg); Co=16 (mg/kg); I=50 (mg/kg); Se=5
(mg/kg).(%TDN) estimated by the Weiss et al. (1992) equation and
15.2% crude protein. Sugarcane silage and concentrate were
added to the 50:50 proportion, on a dry matter (DM) basis.
No feed additives or hormonal implants were used.
The chemical composition of the sugarcane silage and
feed refusals was obtained by weekly samples that were an-
alyzed in the Laboratório de Nutrição Animal of Universidade
Federal do Paraná (UFPR). Daily sub-samples of the silage
and feed refusals were collected and at the end of each
week those sub-samples were homogenized to obtain the
weekly sample. Table 2 shows the average silage chemical
composition during the 12-week experiment. The diet aver-
age dry matter was 34.37±5.55%DM.
2.3. Data collection
All bulls were weighed five times on days 0, 21, 42, 63,
and 84 of the experimental feedlot period, after being de-
prived of feed (but not water) by 16 h. The average daily
gain (ADG) was measured by linear regression of individual
BW measurements on day of trial.
The observed dry matter intake (DMIobs) was obtained
through the subtraction of the daily feed offered minus the
daily feed refusals (both DM-adjusted). Residual feed intake
(RFI1) was calculated as the difference between actual and
predicted feed intake by regressing DMI on mid-test BW0.75
and ADG (Koch et al., 1963) using the REG procedure of
SAS, whereas RFI2 also included ultrasound fat thickness
over the Biceps femoris muscle at the end of trial (RFTf). The
model for predicting DMI of the RFI1 was:
DMIest ¼ 0:15463þ 0:07619 BW0:75
 
þ 0:85989 ADGð Þ
R2 ¼ 0:56
 
For the RFI2 the equation to get the DMIest was:
DMIest ¼ 0:16748þ 0:06749 BW0:75
 
þ 0:82585 ADGð Þ
þ 0:15305 RFTfð Þ
R2 ¼ 0:62
 :
After determining the RFI, young bulls were classified
into high (less efficient; >0.5 SD above the mean), medium
(mid; ±0.5 SD from the mean), and low (more efficient;Table 2
Chemical composition of sugarcane silage.
Nutrient %
Dry matter 25.52
Crude protein (% DM) 8.48
Ether extract (% DM) 1.12
Ash (% DM) 4.31
Acid detergent fiber (% DM) 44.52
Neutral detergent fiber (% DM) 69.97
Total digestible nutrients (%) 70.00
Digestible energy (Mcal/kg)a 3.09
Metabolizable energy (Mcal/kg)a 2.67
Calcium (% DM) 0.27
Phosphorus (% DM) 0.12
a NRC (2001).
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as the ratio of the DMIobs over the ADG and the GFE by the in-
verse of FCR.
During the trial, ultrasound images (Aloka SSD500
equipped with 3.5 MHz linear transducer) of carcass composi-
tion traits [ribeye area (REA), 12th to 13th-rib fat thickness
(BFT; backfat), and subcutaneous fat over the Biceps femoris
muscle (RFT; rump fat)] were collected at the beginning and
end of the trial. Gain in REA, BFT, and RFT was also calculated.
2.4. Statistic analysis
The correlation coefficients between RFI1, RFI2 and the FCR
with carcass traits, performance and dry matter intake variables
were computed by the CORR procedure from SAS (Statistical
Analysis System, 1998). Simple Pearson correlations were esti-
mated and considered as significant if probabilities were lower
than 5%. The RFI group effect was analyzed by analysis of vari-
ance using the GLM procedure of SAS and the means were com-
pared with the Tukey–Kramer test. The results were interpreted
as statistically significant with a 5% probability level.
3. Results and discussion
3.1. Productive traits and feed efﬁciency
The multiple linear regression analysis has shown that the
mid-test BW0.75 and ADG variables accounted for 51% and 5%,
respectively, of the total variation in the DMIest on the predic-
tion of RFI1. For the RFI2, the mid-test BW0.75, ADG and RFTf
have contributed 51%, 5%, and 6% respectively in the DMIest
variation. Therefore, the inclusion of the RFTf has raised the
R2 of the multiple regressions 6%, from 56% to 62%.
According to Basarab et al. (2003), the R2 of prediction
equation of feed intake can be increased by the inclusion of
other variables in the model, as the gain of rump fat and mar-
bling, measured by ultrasound, which increased the R2 in 4%.
Almeida (2005) also found an increase of 4% in R2 with the
inclusion of fat thickness in Nellore bulls.
Table 3 shows the descriptive statistics of the performance,
feed intake and efficiency traits as well as its correlations with
RFI1, RFI2 and FCR during the 84-d experimental period. The
obtained standard deviation values for both RFI estimates in
this study were similar to others with B. indicus studies such
as Almeida (2005) with ±0.41 kg of DM/day or even B. taurusTable 3
Means and standard deviations for performance, feed intake, and feed efficiency tr
Traits Mean SD
Body weight (kg) 456 49.35
Body weight0.75 (kg) 98.7 8.02
Average daily gain (kg/day) 1.17 0.22
Dry matter intakeobs (kg/day) 8.68 0.87
Dry matter intake (%BW) 1.91 0.15
Dry matter intake (BW0.75)† 8.81 0.61
Feed conversion ratio 8.03 1.64
Gross feed efficiency 0.129 0.025
Residual feed intake1 (kg DM/day) 0.00 0.58
Residual feed intake2 (kg DM/day) 0.00 0.54
⁎ Correlation coefficients are significantly different from zero (Pb0.05).
† (BW0.75×DMI)/100.animals as Carstens et al. (2002) with ±0.82 kg of DM/day
and Basarab et al. (2003) with ±0.66 kg of DM/day. There
were no significant correlations (P>0.05) between the feed
conversion ratio and the RFI estimates, in agreement with the
results of Basarab et al. (2003).
Unlike FCR, the selection for RFI seems to choose lower in-
take animals and lower maintenance demands, without
changing the adult size or weight gain (Basarab et al.,
2003). This trend was also observed in this study, in which
the correlations between RFI1 and RFI2 with DMI estimates
(kg DM/day, %BW and BW0.75) were significant (Pb0.05),
whereas the correlations with ADG and BW were not
(P>0.05). These correlations were expected because RFI is
a trait based on the feed intake; so the ADG and BW would
not be influenced by a selection for RFI.
In contrast to the lack of correlations between RFI and
growth rate, the FCR was strongly correlated with ADG
(Pb0.05), corroborating the results from Basarab et al.
(2003), which found a strong correlation between FCR and
ADG of 0.61. Therefore, using FCR as a trait to select for feed
efficiency in growing cattle will eventually lead to increases
in cow mature body size. Feed conversion ratio was not cor-
related with the DMI estimates; so an improvement in FCR
would not reduce feed intake. As the FCR and the GFE are di-
rect ratios of the same variables (ADG and DMI) there was a
significant (Pb0.05) and high correlation between them.
To further examine the relationships between RFI and
performance traits, 46 young bulls were ranked by RFI and
separated into low (16 bulls or 35%), medium (17 bulls or
37%), and high (13 bulls or 28%) groups. Differences in intake,
performance, and feed efficiency traits between RFI groups,
non-adjusted for subcutaneous fat thickness over the Biceps
femoris muscle, are presented in Table 4. When the animals
were separated into different RFI groups adjusted also for
subcutaneous fat thickness over the Biceps femoris muscle, a
new distribution of young bulls was observed: 10 bulls
(22%) in the high RFI2 class, 23 bulls (50%) in the medium
RFI2 class, and 13 animals (28%) in the low RFI2 group. Differ-
ences in intake, performance, and feed efficiency traits
among RFI groups, adjusted for subcutaneous fat thickness
over the Biceps femoris muscle, are presented in Table 5.
Feed conversion ratio, GFE, BW, BW0.75, and ADG did not
differ (P>0.05) between the high-, medium-, and low-RFI1
groups. Low-RFI1 bulls consumed 14.7% less feed than their













Characterization of performance traits of Nellore young bulls with high, medium and low RFI1.
Traits RFI1 group1 SEM2 P>F3
High Medium Low
Number of bulls 13 17 16
Body weight (kg) 466 446 460 7.28 0.53
Body weight0.75 (kg) 100 97 99 1.18 0.54
Average daily gain (kg/day) 1.22 1.15 1.16 0.03 0.67
Dry matter intakeobs (kg/day) 9.56a 8.50b 8.15b 0.13 b0.01
Dry matter intake (%BW) 2.06a 1.92b 1.78c 0.02 b0.01
Dry matter intake (BW0.75)† 9.54a 8.79b 8.22c 0.09 b0.01
Gross feed efficiency 0.122 0.129 0.136 0.003 0.35
Feed conversion ratio 8.49 8.02 7.67 0.24 0.41
Residual feed intake (kg DM/day) 0.72a −0.01b −0.57c 0.09 b0.01
1Least square means by Tukey–Kramer test within a row with different superscripts differ (Pb0.05).
2Standard error of the mean.
3Error probability α.
† (BW0.75×DMI)/100.
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fecting ADG and the BW. The differences among low-,
medium-, and high-RFI groups and other results observed
in this study indicate that the RFI is phenotypically indepen-
dent of body weight and the daily weight gain, because both
compose the prediction model to estimate RFI. Probably the
low correlations between RFI with GFE and FCR were the rea-
son for the non-significant (P>0.05) differences among RFI
groups.
When RFI was adjusted for the subcutaneous fat thickness
over the Biceps femoris muscle, the most and the least effi-
cient RFI2 groups were different between themselves
(Pb0.05) for GFE, FCR and, as expected, DMI. These differ-
ences among RFI-groups are in agreement with other studies
(Almeida et al., 2004; Basarab et al., 2003; Gomes 2009;
Lancaster et al., 2009). The remaining characteristics of
body size and performance did not differ (P>0.05) between
groups because these variables are present in the RFI estima-
tion model.
3.2. Carcass traits and feed efﬁciency
Means and standard deviations for the carcass traits and
their correlations with RFI1, RFI2 and FCR are shown in
Table 6. The ribeye area (initial, final and gain) traits wereTable 5
Characterization of performance traits of Nellore young bulls with high, medium an
Traits RFI2 gr
High Mediu
Number of bulls 10 23
Body weight (kg) 473 447
Body weight0.75 (kg) 101 97
Average daily gain (kg/day) 1.14 1.19
Dry matter intakeobs (kg/day) 9.60a 8.55b
Dry matter intake (%BW) 2.04a 1.92b
Dry matter intake (BW0.75)† 9.49a 8.81b
Gross feed efficiency 0.112a 0.133b
Feed conversion ratio 9.25a 7.63b
Residual feed intake (kg DM/day) 0.74a 0.00b
1Least square means by Tukey–Kramer test within a row with different superscript
2Standard error of the mean.
3Error probability α.
† (BW0.75×DMI)/100.not phenotypically correlated (P>0.05) with RFI1 and RFI2
which agrees with Lancaster et al. (2009). These findings do
not agree with Leme and Gomes' (2007) who found an asso-
ciation between RFI and REA in Zebu animals, with the more
efficient animals showing larger ribeye areas. According to
the present study, more efficient animals for RFI would not
have lower lean meat yield in the carcass and therefore
would not present any losses of the edible portion of the car-
cass. Higher ribeye areas are related to higher meat quantities
in the carcass, which leads to lesser fixed costs of production.
In contrast, the correlations between FCR and the ribeye
area (initial and gain) were significant (Pb0.05), but the cor-
relation direction was divergent for initial and gain traits. The
negative correlation between FCR and the REA gain shows
that the lower FCR (more efficient) the greater the gain in
REA. The positive correlation between FCR and the initial
REA can be explained by the fact that animals with higher ini-
tial weight are animals that were possibly in a more ad-
vanced stage of maturity, with lower deposition of muscle
tissue hence the larger animals tend to have higher feed con-
version (less efficient).
The RFI1 was positively correlated (Pb0.05) to the Biceps
femoris subcutaneous fat thickness in the final evaluation
(final RFT) and the gain in RFT, but this same trait measured















Carcass traits measured by ultrasound of Nellore bulls with high, medium
and low RFI2.
Traits RFI2 group1 SEM2 P>F3
High Medium Low
Initial REA (cm2) 51.81a 47.87b 51.32ª 0.74 0.04
Final REA (cm2) 73.27 70.51 71.42 0.86 0.47
Gain REA (cm2) 21.46 22.64 20.10 0.77 0.38
Initial BFT (mm) 1.88 1.59 1.70 0.08 0.36
Final BFT (mm) 4.39 3.97 3.98 0.10 0.23
Gain BFT (mm) 2.51 2.39 2.27 0.12 0.79
Initial RFT (mm) 2.00 1.89 2.04 0.07 0.62
Final RFT (mm) 6.02 5.55 6.02 0.21 0.54
Gain RFT (mm) 4.02 3.67 3.98 0.18 0.66
REA — ribeye area, BFT — backfat thickness, RFT — rumpfat thickness.
1Least square means by Tukey–Kramer test within a row with different
superscripts differ (Pb0.05).
2Standard error of the mean.
3Error probability α.
Table 6
Means and standard deviations of the carcass traits and their correlations
with RFI (rRFI1 and rRFI2) and FCR (rFCR).
Traits Mean SD rRFI1 rRFI2 rFCR
Initial REA (cm2) 49.70 5.02 −0.02 −0.05 0.32⁎
Final REA (cm2) 71.37 5.84 0.09 0.03 −0.11
Gain REA (cm2) 21.67 5.23 0.12 0.09 −0.43⁎
Initial BFT (mm) 1.69 0.53 0.17 0.11 0.31⁎
Final BFT (mm) 4.07 0.68 0.28 0.17 −0.11
Gain BFT (mm) 2.38 0.79 0.13 0.08 −0.31⁎
Initial RFT (mm) 1.95 0.47 0.09 −0.10 0.17
Final RFT (mm) 5.79 1.42 0.34⁎ 0.00 0.13
Gain RFT (mm) 3.83 1.23 0.36⁎ 0.04 0.08
REA — ribeye area, BFT — backfat thickness, RFT — rumpfat thickness.
⁎ Correlation coefficients are significantly different from zero (Pb0.05).
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efficient animals (negative RFI) may have lower subcutane-
ous fat deposition in the carcass.
The analysis shows that the correlations of RFI1 and RFI2
with thickness of subcutaneous fat in Longissimus muscle
were not significant at the beginning, and end of the experi-
ment (P>0.05). This can be explained by the fact that fat tis-
sue deposition follows simultaneously in the posterior–
anterior and back–ventral directions (Batt, 1980), suggesting
a higher variation between individuals for the rump fat de-
posit and a lower variation in the loin region.
Moreover, because the study was conducted with young
Nellore bulls, the lower fat of Longissimus muscle is consis-
tently lower than European-breed sires at the same age
(Crouse et al., 1989). This variation can explain the fact that
RFI1 was only correlated with rump fat. For the same reasons,
the two carcass fat traits evaluated at the beginning of the
trial were not correlated to RFI1, because the subcutaneous
fat deposit was still too low (1.69 mm to the initial BFT and
1.95 mm to the initial RFT). However, FCR was negatively as-
sociated with BFT gain during the experiment, which means
that the less efficient animals had lower fat deposition in
the Longissimus muscle area.
The weak correlations estimated between RFI1 and fat de-
position in the Longissimus agree with the results from
Almeida et al. (2004) and Carstens et al. (2002), but they dis-Table 7
Carcass traits measured by ultrasound of Nellore bulls with high, medium
and low RFI1.
Traits RFI1 group1 SEM2 P>F3
High Medium Low
Initial REA (cm2) 51.08 48.26 50.11 0.74 0.29
Final REA (cm2) 72.49 70.98 70.87 0.86 0.72
Gain REA (cm2) 21.41 22.72 20.76 0.77 0.56
Initial BFT (mm) 1.78 1.76 1.53 0.08 0.33
Final BFT (mm) 4.26 4.08 3.89 0.10 0.34
Gain BFT (mm) 2.48 2.32 2.36 0.12 0.87
Initial RFT (mm) 2.09 1.98 1.82 0.07 0.29
Final RFT (mm) 6.58a 5.71ab 5.23b 0.21 0.03
Gain RFT (mm) 4.48a 3.73ab 3.41b 0.18 0.05
REA — ribeye area, BFT — backfat thickness, RFT — rumpfat thickness.
1Least square means by Tukey–Kramer test within a row with differen
superscripts differ (Pb0.05).
2Standard error of the mean.
3Error probability α.tagree with the results obtained by Basarab et al. (2003) and
Lancaster et al. (2009) who found genotypic and phenotypic
correlations between these traits in B. taurus and Leme and
Gomes (2007) who found significant differences for fat depo-
sition in the Longissimus across RFI groups (high, medium
and low) in Zebu animals.
Most available data indicate that RFI is positively correlat-
ed with rate of fat deposition in the carcass and this was con-
firmed in this study, where more efficient animals (negative
RFI) had a lower fat deposition in the carcass (Lancaster et
al., 2009). The phenotypic correlation found in this study is
in agreement with Carstens et al. (2002) who found genetic
and phenotypic correlations between RFI and fat thickness
in the Biceps femoris in B. taurus breeds. Likewise, such differ-
ences were also observed between RFI1 groups (Table 7), in
which the low RFI group (more efficient) had lower final
RFT and gain in RFT when compared with high RFI animals
(less efficient).
No difference between RFI2 groups for the fat deposition
traits was observed when adjusting the prediction model
with the inclusion of the carcass fat RFT trait. A lower initial
REA estimate in the medium group was only noticed, as pre-
sented in Table 8.
From the data presented in Table 7 it can be stated that
the most efficient animals (low RFI1) had final subcutaneous
fat deposition in the Biceps femoris muscle 1.35 mm lower
and they had gained 1.07 mm less in RFT than the least effi-
cient animals (high RFI1).
3.3. Implications
The subcutaneous fat of Zebu breeds is fundamental to the
Brazilian beef production systems based on grazing. Steers
with lower subcutaneous fat deposition in the carcass, theo-
retically will reach required fat deposition later, so they
should remain on feed for a longer time which can lead to
higher production costs (Leme and Gomes, 2007).
Moreover, the subcutaneous fat works as a thermal shield
to the rigor mortis of the carcass cooling. When the subcuta-
neous fat is scarce, muscle temperature quickly cools down
due to the lack of thermal shielding, the muscle fibers con-
tract fast due to the depletion of adenosine triphosphate
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ized by dark, firm, and dry (DFD) meat (Sainz and Araujo,
2002). In this process, the sarcomere reduces its size, keeping
a compact structure and generating meat hardening of
slaughtered animals, causing serious economic losses to the
beef industry. Brazilian slaughterhouses are penalized when
carcasses are too thin due to reduced beef quality.
By analyzing the correlations obtained in the present
study, the suggested model is to adjust the DMIest including
the Biceps femoris subcutaneous fat thickness in the final
evaluation (RFTf), although it improves the multiple regres-
sions R2, but it is also shown that the RFI correlation with
the adjustment is not significant for any carcass trait and
the different RFI groups are not different between themselves
for these carcass traits. Thus, the above described conse-
quences would not limit the adoption of RFI as a selection
trait in breeding programs. However, it is still fundamental
to study the genotypic correlations after RFI selection with
the objective of verifying whether the correlations behave
similarly as this current study.
The correlations between traditional RFI and Biceps
femoris muscle fat thickness are positive and significant and,
therefore, when selecting animals with lower RFI (more effi-
cient) it is possible to choose individuals that have lower sub-
cutaneous fat deposition. For this reason it is suggested that
the dry matter intake prediction model includes traits such
as subcutaneous fat deposition in order to adjust the intake
according to body composition.
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